Mood and physical symptoms through the menstrual cycle were investigated in 55 women with normal ovulatory cycles. One-third had attended a clinic with severe premenstrual syndrome (clinic PMS group); the remainder were volunteers either with a history of PMS (non-clinic PMS group) or without (no PMS group). Each cycle was divided into six hormonally distinct phases on the basis of repeated hormone measurement. Self-ratings of "well-being" reached their maximum in the late follicular phase, declining throughout the luteal half of the cycle. This pattern was pronounced and statistically significant in the "clinic" and "nonclinic PMS" groups. In all three groups, "physical distress" increased during the second half of the cycle to reach a maximum in the late luteal phase. A clear temporal relationship was therefore demonstrated between mood, physical state, and hormonal phases of the cycle. It remains uncertain whether changes in the "clinic" group were extreme forms of a normal pattern or were qualitatively different.
Mood and physical symptoms through the menstrual cycle were investigated in 55 women with normal ovulatory cycles. One-third had attended a clinic with severe premenstrual syndrome (clinic PMS group); the remainder were volunteers either with a history of PMS (non-clinic PMS group) or without (no PMS group). Each cycle was divided into six hormonally distinct phases on the basis of repeated hormone measurement. Self-ratings of "well-being" reached their maximum in the late follicular phase, declining throughout the luteal half of the cycle. This pattern was pronounced and statistically significant in the "clinic" and "nonclinic PMS" groups. In all three groups, "physical distress" increased during the second half of the cycle to reach a maximum in the late luteal phase. A clear temporal relationship was therefore demonstrated between mood, physical state, and hormonal phases of the cycle. It remains uncertain whether changes in the "clinic" group were extreme forms of a normal pattern or were qualitatively different.
The relevance of the menstrual cycle to the well-being of women remains a controversial issue. It is debated whether cyclical subjective changes are psychologically or hormonally determined and whether, with either explanation, they are manifestations of an abnormal process or rather variations of a normal pattern. The relevant literature is by now extensive but in many respects contradictory (1) (2) (3) (4) (5) .
Most attention has been paid to the premenstrual phase of the cycle. Feelings of tension, anxiety, depression, fatigue, irritability, fluctuating mood, breast tenderness, bloated feelings, and headaches commonly experienced by women in the few days prior to menstruation have been called "premenstrual tension" or "the premenstrual syndrome" (4, (6) (7) (8) (9) (10) . Although a number of studies have attempted to estimate the incidence of these symptoms with varying results (11) (12) (13) , the first adequate epidemiological study has only recently been reported by Andersch (14) . Of 1083 Swedish women, 2 % -3 % reported severe or distressing premenstrual symptoms; 10% would have welcomed treatment for such symptoms; 70% reported mild or moderate emotional and physical changes before menstruation; and 92% reported at least one premenstrual change. There was a tendency for the mood symptoms to be more severe in the older age group.
Much of the confusion in the literature can be attributed to a number of method-ological shortcomings. There has been an emphasis not only on the premenstrual phase rather than the whole cycle, but also on negative rather than positive experiences. Selection criteria for subjects to be studied have often been ill-defined or have restricted study either to those with severe symptoms (4, 8, 10) or those with no problems (15) (16) (17) . In assessing mood change, many earlier studies have relied on retrospective reports (11, 18) . The validity and reliability of such methods have been questioned (16, (19) (20) (21) (22) and it is claimed that they are susceptible to distortion, conforming with expectancy or "pleasing the experimenter" (l, [23] [24] [25] . Daily questionnaires have been used in other studies (10, 16, 17, 19) although comparison across these studies is difficult because of the variety of psychological states that have been assessed.
Most studies have lacked a satisfactory indicator of the different stages of the hormonal cycle. Recent evidence (26) has demonstrated the importance of direct measurement of hormones not only to establish the hormonally distinct phase of the cycle, but also to exclude anovular cycles (27) .
Two recent studies meeting most of these methodological demands, though involving small numbers of subjects, are those of Persky et al. (15) and Abplanalp et al. (28) . It is noteworthy that in neither study was any significant cyclical pattern of subjective state identified.
The study described in this paper involves a larger number of women, including those with and without reported cyclical changes. In addition to daily selfratings of mood, physical state, and sexuality, frequent hormone measurement has been used to divide each cycle into six hormonally distinct phases. The objectives are as follows:
1. To study the interrelationship of mood, physical well-being, and sexuality through the cycle. 2. To describe "premenstrual syndrome" and to compare it with less severe cyclical changes. 3. To examine the relationship between subjective states and ovarian steroid hormones throughout the cycle.
METHODS

Subjects
The women were either recruited from a gynecology outpatient clinic having sought treatment for severe premenstrual syndrome i.e., cyclical mood change with premenstrual decline in well-being and physical state (n=22) or were "volunteers" recruited from a variety of sources, including local women's groups, the local nurse's home, the National Childbirth Trust, and a family planning center (n=44). Each woman was asked to participate in a "research project on the menstrual cycle."
The following selection criteria were applied: (i) regular menstrual cycles of 21 to 35 days duration; (ii) no oral contraceptives taken for at least the past 3 months; (iii) no breast feeding; (iv) no current medical or gynecological problems; (v) no upsetting life events or psychological difficulties other than those that were clearly linked to the menstrual cycle; (vi) no relevant medication; (i.e., not likely to influence PMS (diuretics, vitamins, hormones); or affecting hormone levels or hormone assays, or affecting mood (e.g., antidepressants or tranquilizers); (vii) prepared to tolerate repeated blood sampling.
MENSTRUAL CYCLE.
At the initial interview, subjects gave a detailed statement about their usual cyclical changes in moods, physical health, and sexuality, and completed a modified version of the menstrual distress questionnaire (MDQ) (29) . On the basis of this information, the "volunteers" were divided into two groups, those who reported experiencing cyclical changes in well-being and physical state and those who did not. There were thus three initial subject groups which we have labeled:
(a) clinic PMS (n = 22), (b) nonclinic PMS (n = 21), (c) no PMS (n = 23).
After involvement in the study, further selection was then carried out, excluding from the final analysis those women who were found to have abnormal cycles. The criteria of a normal cycle used for the purpose were as follows: (a) evidence of ovulation either as a rise of progesterone above 2ng /ml or a midcycle LH peak; (b) a postovulation, luteal phase rise in progesterone above 4 ng/ml, indicating a normal corpus luteum and a fall in progesterone at least one day prior to the onset of menstruation (30, 31) .
From these 66 women, 83 % of the cycles studied were normal and ovulatory, 19 from the clinic group, 18 from the nonclinic PMS group and 18 from the no PMS group. Nine percent were anovulatory (none from the clinic group), 5% showed evidence of abnormality of the luteal phase, and in 3%, there were insufficient endocrine data to divide the cycle into the six phases.
The characteristics of the 55 women in the final three groups, after excluding those with abnormal cycles, are shown in Table 1 . There were significant differences between the three groups in the number married or cohabiting, parity, and the numbers in employment outside the home. Table 2 shows differences in menstrual and obstetric histories showing the clinic group to have significantly more problems with menstruation, postpartum depression, and adverse reactions to oral contraceptives.
In the clinic group, the average age for the onset of their PMS was 28.9 years (range 17-36 years). Thirty percent had a sister or mother with PMS. In 45%, the onset was within the first four cycles after pregnancy. All the women in this group found that the PMS adversely affected their family life, 75% their social life, and 55% their ability to work.
Measurement of Subjective States
In a pilot study involving 14 women, daily ratings were made using a variety of methods, i.e., choice of graded statements (32); Mood Adjective Check Lists (33, 34) and Visual Analogue Scales (35) . The visual analogue scales were found to be the most satisfactory as well as the most acceptable to the subjects. They have been shown by other workers to be valid and reliable methods of measuring emotions (36) (37) (38) . They are simple and quick to complete, while permitting fine discriminations in the quantification of mood. They are also adequate for statistical analysis (37) .
The Lorr-McNair MACL (33) was also felt to be a suitable method of assessing moods and has been previously used to monitor mood changes (39) . In this study, to check the validity of Visual Analogue Scales, an adapted form of MACL was rated every 3 days. With the exception of aggression (r=0.32), ratings from the two types of scale were highly correlated (0.58 to 0.71) (See Sanders, (40) for details). In view of this, only data from the Visual Analogue Scales is presented in this paper.
The Daily Diary faj Visual analogue mood scales. Ten mood scales were used covering the main dimensions of mood that have emerged in previous multivariate analyses, i.e., (1) cheerful and happy; (2) energetic and active; (3) sociable and friendly; (4) relaxed; (5) changeable; (6) depressed and unhappy; (7) fatigued and tired; (8) aggressive; (9) irritable; and (10) tense and anxious. Each woman was first asked to write short descriptions of the extremes of each scale, (0 being "how I feel when not in this mood at all," 10 being "how I feel when this mood is strong and prevalent") in terms that were relevant to her. She then used these personalized descriptions as guides when filling in the scales. Each scale was presented as a continuous line 0 10 and the woman was asked to mark the line in the appropriate place to represent the degree of that mood experienced in the past 24 hours.
(bj Physical State. Breast tenderness, swelling or bloated feelings, and headaches were each rated on a four point scale (0=none, l=slight, 2=moderate, 3= severe).
fcj SexuaJ Interest, Rating scales were modified from those used by Carney et al. (39) . Using a visual-analog scale, a daily rating was made of how sexual the subject had felt in terms of interest in or desire for sexual expression or activity, i.e., "sexual feelings." At the time of filling in the diary, she was also asked to think about sexual activity (i.e., of any kind that occurred to her) and to record to what extent such thoughts were pleasant (0-3 rating).
(d) Sexual activity. Daily recordings of sexual activity with partner, masturbation, and orgasm were made together with a rating of the subjective quality of each experience, using a visual analog scale (0-10). At a late stage in the study, subjects were asked to indicate whether sexual activity with the partner was initiated by themselves, by their partner, or mutually, Eighteen women gave this information. These various scales were combined into one daily form which required a key to interpret each scale, so maintaining confidentiality. 
Hormone Measurement
Blood samples were taken two or three times a week from all subjects during the first half of the cycle. The volunteers had samples taken three times a week in the second half. For the women in the clinic group, sampling was carried out each day starting 14 days prior to the next expected menstrual period and for the first 4 days of that period.
Plasma estradiol, progesterone, androstenedione, and testosterone were measured in all samples, whereas plasma LH was measured only in the women from the clinic group. All hormones were measured by radioimmunoassay, according to methods published previously (41) (42) (43) (44) (45) . Testosterone and androstenedione were assayed after alumina column chromatography (46, 47] . All samples for one subject were assayed in the same run with the technician unaware of the subject category.
Division of the Hormonal Cycles into Phases
Each cycle was divided into six phases-early, mid-and late follicular, and early, mid-and late luteal using three points as markers, i.e., the day of the estradiol and /or LH peak, the day when luteal progesterone levels start to fall and the first day of menstruation. The criteria for these six phases are given in Table 3 and illustrated for a standard cycle in Figure 1 .
PROCEDURE
The day of starting self-ratings was systematically varied between women to randomize the effects of repeated measurement. The first week of daily ratings was used as a practice period and was not analyzed. The ratings were then continued for a full cycle (i.e., beginning and The time from the first day of menstrual bleeding to the beginning of the late follicular phase is divided into two equal phases This phase is 4 days in length, and is identified either using (a) the LH peak or (b) the oestradiol peak: a) The day of the LH peak and the previous 3 days b) From 2 days before peak to one day after the oestradiol peak. 4 days following the late follicular phase.
From the end of the early luteal phase to the day after peak progesterone levels. From the end of the mid-luteal phase up to the day before menstrual bleeding. ending on the same day of the cycle). Blood sampling was started at the end of the practice week.
Analysis of the Subjective Data
For each woman, mean scores were computed for each variable in each of the six phases of her cycle. Using these means, a series of one-way analysis of variance with repeated measures across cycle phases was then performed separately, for each variable, for each of the three groups.
Most of the subjective variables were highly intercorrelated. Therefore, in order to transform the original variables into new "summary" variables, a principal components analysis was performed, again using the means for each phase for each woman. Applying a criterion of minimum eigen value of 1.1, four components were extracted, accounting for 76% of the variance in the original mean scores. (As a check on our use of all data in one analysis, exploratory analyses were performed for the three groups separately and the six phases separately-in every case, essentially the same four components were extracted]. Thus the 14 subjective variables could be satisfactorily summarized by four new components (linear combinations of the original variables) which identify the major (orthogonal) dimensions of variability in the data.
The four component scores were calculated for each woman in each phase and were subjected to the same analysis of variance as the original variables above, for each group separately, and for all groups combined.
RESULTS
The mean scores for each variable, for each group of women, and each phase of the cycle are shown in Tables 4-6. The phase means or cycle patterns for six of the variables in the whole group of women are shown in Figure 2 , showing the consistent pattern of positive experiences maximal in the mid-or late follicular phases, negative experiences in the late luteal phase.
The first four components identified in the principal components analysis are shown in Table 7 . The first component, accounting for 42.7% of the variance, has all the variables loading on it in the appropriate direction. We have therefore called this component "well-being." It is noteworthy that a substantial proportion of the variance of the subjective sexual variables is taken up by this component. Component 2, accounting for 14.5% of the variance, is more difficult to interpret, but we have labeled it rather tentatively, "outwardly directed emotions." Component 3 (9.4% of variance) is quite simply Figure 3 , which shows that for Component 1, highly significant phase differences occurred for both the clinic and nonclinic PMS groups, but the pattern for the no PMS group did not reach significance. For the physical distress component, all three groups showed significant phase differences, though less marked in the no PMS group. For the sexuality component, the pattern, while significant for the total group, did not reach significance for any of the three separate groups.
Recategorization of Subjects
The original categorization for the three groups of subjects was based on the woman's retrospective reporting of cycle changes. The 55 women in this study were therefore recategorized into high, medium, and low change groups, based on their Component 1 (i.e., well-being) scores. The difference between this score for the late follicular and late luteal phases was taken as the index of change, and the distribution of these change scores among the women was divided equally into three to give the new groupings. The reallocation of the original groups is shown in Table 8 . 9 In only five women was reclassification substantially different. The analyses described above were repeated for these new groupings and showed a very similar pattern. Therefore, they will not be reported, %i=49 due to incomplete diaries in six women, preventing reallocation.
DISCUSSION
Cycle changes of mood and physical states are clearly demonstrated in this study, confirming to a large extent the women's initial retrospective accounts. The cycle pattern involved a peak of well-being and other positive feelings in the mid-or late follicular phase with a decline thereafter, most negative feelings being in the late luteal (i.e., premenstrual) phase. The types of negative feelings were similar to those reported in most other studies of the premenstrual syndrome; depression, tension, fatigue, irritability, breast tenderness, and swelling being the principal ones (e.g., 9, 10).
The overriding impression from the principal components analysis is of cyclical variation in the general state of well- being with specific feelings such as depression, irritability, fatigue, and tension, etc. varying in impact from one individual to another. The women attending the clinic complaining of premenstrual symptoms showed basically the same pattern as the volunteers who reported less severe cyclical changes. Their negative experiences, however, were not only more intense; they also began noticeably earlier in the cycle (i.e., in the early luteal phase). A few subjective variables showed significant "within cycle" changes in the clinic group but not in the nonclinic PMS group. These were fatigue, aggression, and a reduction in relaxation and sexual feelings, all more marked in the premenstrual phase. It is not clear whether these differences are simply a matter of degree (i.e., not great enough to reach significance in the nonclinic group) or represent qualitative differences between the two groups.
The volunteers reporting no PMS showed a very slight nonsignificant cycle pattern of well-being and a significant but relatively mild cycle pattern of physical symptoms, in particular, breast tenderness. This raises two possibilities: the cyclicity of well-being may be a normal pattern varying in degree with our three groups representing three parts of the continuum. Second, the physical symptoms may represent an independent cyclical pattern which affects a larger number of women, but also interacts with some other cyclical pattern to produce changes in well-being. Breast symptoms can be severe, leading directly to irritability, tension, and problems in personal relationships, when close physical contact can be physically painful.
It is noteworthy in this study that the clinic women were more likely to be married and working at home, caring for small children. This role, with its inescapable commitments may not only make the cyclical pattern less easy to tolerate or cope with, but may also influence the nature of the negative experience (e.g., greater fatigue or irritability). It is possible that the extent to which a woman experiences her loss of well-being as tension, irritability, or depression may depend more on her basic personality and the circumstances in which she experiences the cyclical changes than on the underlying cyclical mechanism.
SANDERS etal.
The only other study which allows direct comparison to this is that of Abplanalp et al (28) . They used a similar methodology, dividing the cycle into five hormonal phases, rather than six, and using a variety of daily subjective ratings. They failed to demonstrate any cyclical pattern of well-being. However, their study involved only 14 subjects who were somewhat younger (mean age 29 years) arid were carefully screened to exclude those with psychopatholdgy or evidence of "neuroticism." In this process, they may have excluded women with cyclical mood change which is not clearly distinguished from other types of mood change in most psychometric measures, and selected women who are comparable to those in our "no PMS" group.
The important question remains, however, whether the large number of women who do experience cyclical mood change are demonstrating a more marked variation of a normal pattern, or whether they are suffering from alterations of their hormonal cycle which though common are physiologically abnormal. This will be considered further in Part II.
